We report a unique case of transmesenteric hernia resulting in death, which went undiagnosed during a recent hospital visit. The victim was a 2.5-year-old girl who-with the exception of chronic constipation-had no medical history. One night she complained of abdominal pains and was taken to a pediatric hospital where doctors performed an abdominal X-ray and echography. No significant findings suggesting bowel obstruction (e.g. air-fluid levels or dilation of the bowel) were obtained on examinations and bloody feces were not observed in this particular episode. As her abdominal pain gradually attenuated, the doctor allowed her to return home. A few hours later, she lost consciousness and expired despite resuscitation efforts attempted at an emergency hospital. A subsequent autopsy revealed that the small bowel had herniated through a defect in the mesentery resulting in two consecutive and inversely-forming loops, in which each loop protruded on either side of the mesentery. This rare morphological anatomy seems to have progressed in a two-step process. The girl's mild abdominal pain was likely induced by herniation and formation of the first intestinal loop, followed by severe shock occurring when the subsequent intestinal segment invaginated into the same defect forming the second loop on the opposite side of the mesentery. This case illustrates the difficulty of diagnosing transmesenteric hernia due to the presentation of unspecific symptoms; especially in infants and toddlers.
Introduction
Internal hernia is defined as a protrusion of viscera through a mesenteric or peritoneal aperture within the abdominal and pelvic cavity. It is found in 0.2 % to 0.9 % of autopsy cases and 0.6 % to 5.8 % of small bowel obstruction cases [1, 2] . The origins of these mesenteric and peritoneal defects are uncertain but most of the infant cases are regarded as congenital mechanisms. In contrast, adult cases occurring after gastrointestinal surgery-as represented by the Roux-en-Y procedure-are showing a growing trend in recent years [3, 4] .
Internal hernias are classified based on the location of the defect and are separated into six main groups: transmesenteric hernia, paraduodenal hernia, hernia through the foramen of Winslow, transomental hernia, pericecal hernia, and paravesical and pelvic hernia. Transmesenteric hernia is the most common type and is found in 60 % to 83 % of congenital internal hernias [1, 2, 5] .
Some internal hernias present with strangulation and these cases can be lethal if surgical intervention is not immediately undertaken. The mortality rate for internal hernias varies significantly from report to report, ranging from 2 % to 30 %. Most of the cases ending in fatality involve the elderly who have underlying diseases: diabetes mellitus, chronic renal failure and gastrointestinal cancer with metastasis. The actual cause of death in these cases is post-operative sepsis [1, 2, 6] .
However, fatalities in children without severe complications (e.g. chromosomal aberrations and extremely low birth weight) have never before been reported [7, 8] . In this report, we present a case of transmesenteric hernia resulting in the death of a toddler in the hopes that this rare emergent disease in children gains the attention it warrants.
Case report

Clinical history
A 2.5-year-old girl complained of abdominal pains one night after having dinner. As she often complained of constipation, her parents gave her an enema as usual. However, her pain persisted even after excreting soft feces, and so the parents took her to a local pediatric hospital. Upon arrival, she was apyretic and her vital signs were stable. Plain abdominal X-ray showed some ileac gas but no significant abnormalities indicating an ileus or perforation of the bowel. Echography was also performed but diagnostically sufficient images could not be obtained because the girl was uncooperative. Blood tests and computed tomography were not performed. While she stayed in the hospital, she sporadically excreted soft feces and occasionally vomited, however, bloody feces were not observed. After some time, her pain had attenuated and she stopped vomiting two hours after arriving at the hospital. The doctor suspected her condition as acute infectious gastroenteritis and allowed her to return home.
She continued to be in a tantrum at home and it took three hours to fall asleep. After approximately half-an-hour, she began vomiting again and this time lost consciousness.
She was in cardiopulmonary arrest upon arrival at an emergency hospital, where she died despite two hours of resuscitation efforts.
The cause of the event remained unclear and she had no pertinent medical history or surgery before this episode. A forensic autopsy was performed 30 hours after death.
Autopsy findings
The body showed normal development given the victim's age; her height was 96 cm (97 percentile) and weight was 13 kg (90 percentile of the average in Japan) [9] . There were no obvious superficial injuries on the surface of the body except for scars resulting from the medical treatments. The abdomen was soft and flat without distension.
Upon exploration, we identified a massive gangrenous segment of the small bowel in the peritoneal cavity (Fig.1a) . The necrotic intestine had invaginated through an orifice of the mesentery near the ileocecum (Fig.1b) . The ileum was strangulated and two consecutive and inversely forming loops were identified on opposite sides of the mesentery. The length of the oral loop was about 3 cm and the anal loop was 170 cm.
The diameter of the orifice was about 1.5 cm with smooth edges (Fig.1c) . The total area of necrosis spanned from the ileum to the ileocecum (Fig.2) and filled with hemorrhagic fecal fluid. The ascending colon and the transverse colon contained hemorrhagic soft feces, while from the descending colon to the rectum, only yellow-brown soft feces were observed. No defects were identified in the intestinal ducts; however, about 300 ml of bloody ascites was observed in the peritoneal cavity. In addition to this, 32 ml and 10 ml of bloody effusion were found in the right and left thoracic cavities, respectively.
Malrotation of the bowel with midgut volvulus was not observed.
At histological examination, congestion was prominent in the herniated intestine and the submucosal layer swelled to 4 to 5 times the thickness of a normal intestine. The necrotic area was full of erythrocytes, and also occupied by a small number of inflammatory cells such as leukocytes or macrophages (Fig.3) . Fibrin-layers outside the wall of the intestine upon the peritoneum were not formed. No other pathognomonic findings were observed in other viscera including the brain, heart, lungs, liver, or kidneys.
The cause of death was hypovolemic shock because she vomited frequently in the clinical history, and large amount of body fluid transferred to the peritoneal cavity and into the intestine. Although blood tests and bacterial culture were not performed, septic shock appeared less probable, considering her vital signs, the clear ascites and little inflammatory cells in other organs.
Discussion
Chronic constipation is one of the most common symptoms in childhood, but over 90 % of the patients have no discernible organic cause [10] . The case presented in this manuscript is relatively misleading to a treating physician, considering the fact that abdominal pain is the most frequent complaint (66 %) in constipation [11] . As the mortality rate of gastrointestinal diseases in children is not as high as that of cardiovascular or respiratory disorders [12, 13] , abdominal pain without serious signs of shock is generally not given an adequate amount of consideration.
Some emergent cases involving gastrointestinal diseases include intussusception and gangrenous appendicitis; both of which can be lethal unless surgical intervention is promptly performed [14] . Transmesenteric hernias can also lead to life-threatening conditions, although not afforded the celebrity offered to the gastrointestinal diseases named above. Preoperative diagnosis of transmesenteric hernias is extremely challenging. In fact, most surviving cases were only diagnosed as a simple bowel obstruction prior to surgery [15] [16] [17] . Blood tests and ultrasonography are insufficient to evaluate organic pathology in pediatric abdominal disorders [18] . Some studies report the usefulness of CT scans to diagnose transmesenteric hernias and show the clustering of small bowel loops, although the mesenteric defect itself is not visualized [19] [20] [21] . Unfortunately, ordering CTs on all children who have ambiguous abdominal pain in busy clinical scenes is not a practical solution given the time-consuming nature of CT scans. Consequently it is often difficult to distinguish transmesenteric hernias from other benign illnesses in small children who show minimal symptoms and are not always cooperative with medical examinations.
In the present case, the ischemic intestine herniated through the mesenteric defect forming two distinctive loops on opposite sides of the mesentery. This morphology is consistent with the two-step clinical history the patient underwent (i.e. mild abdominal pain followed by sudden collapse). It is possible that circulation to the herniated area was narrowly maintained in the initial and gradual invagination of the intestine through the defect, which at first only caused slight abdominal pain. A few hours later, when the second, shorter internal segment herniated through the same defect-but on the opposite side-both segments of the intestine were completely mechanically strangulated by the small mesenteric defect, and this resulted in the immediate cut-off circulation to the herniated intestinal segments. In retrospect the initial hernia, which could most likely move in an out through the mesenteric defect with a certain degree of freedom, could have been the cause of the chronic constipation the victim suffered from throughout her lifetime. The final ischemic hernia occurred very acutely, as the hemorrhagic fluid did not move to the anal-side colon. Microscopic findings in the gangrened intestine also indicate the girl died before the inflammation expanded or fibrin precipitated on a systematic level. Together, these findings support the theory that the second, and critical, strangulation occurred when the second segment of the intestine herniated into the mesenteric defect after the toddler returned home.
This case demonstrates the difficulty of diagnosing transmesenteric hernias, as the condition involves considerable movement without the presence of a confining sac.
Deterioration of the hernia may take various clinical courses depending on the size of the mesenteric defect and the morphology of the herniated intestine. In fact, this patient showed normal development for her age and never experienced a severe small bowel obstruction prior to this particular episode, regardless of the fact that the mesenteric defect probably existed from birth. It is important to note, however, that once the strangulated hernia is completely fixed, surgical treatment is the only viable treatment option.
In conclusion, open or laparoscopic explorations are the only way to establish a definitive anatomical diagnosis for transmesenteric hernias. Keeping in mind that this type of internal hernia may cause an acute bowel obstruction will aide physicians in deciding on a prompt surgical option of treatment without delay. As with any other potentially life threatening condition, bringing to light the precise cause of death via a thoroughly conducted postmortem examination enables us to learn from death so that this newly found knowledge may serve use in saving patients in the future.
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